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Remarks/Argu men ts : 

Claims 46-70, presented hereby, are pending. 

Claims 20-27 and 29-45 are canceled, hereby, without prejudice or disclaimer. 

Present claims 46-70 are the same as claims 20-27 and 29-45, respectively, amended pursuant 
to the CPA papers filed February 28, 2002. (Entry of the CPA amendment was incorrectly denied 
by the Office Action mailed December 3, 2003, as set forth in the paper filed April 2, 2004). 
[Originally presented by amendment filed December 31, 2001, the amendments were denied entry 
pursuant to the Advisory Action mailed 17 January 2002. For the examiner's convenience, the 
requisite marked-up version of the amended claims - claims 20 and 29 - submitted with the 
amendment filed December 31, 2001, is attached hereto as Appendix). 

Claims were rejected under 35 USC 112, 1'^ ^I, for allegedly lacking enablement. 
Reconsideration is requested. 

Rejected claims 20-45 were limited (by the amendment filed December 31, 2001) to the 
beverage subject matter "in the form of a submicron emulsion or micro-emulsion," i.e., the subject 
matter of claim 28, which subject matter was found enabled under 35 USC 1 12, % according to 
Office Action mailed July 23, 2001. Since present claims 46-70 are Hmited to the subject matter 
found allowable by the Examiner - the subject matter of claim 28 - the rejection is not applicable 
against the present claims. 
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Claims were rejected under 35 5 USC 1 12, 2""* % for allegedly being indefinite, because the 
scope of each of the phrases "acceptable as an additive" and "visible solubility" was allegedly 
unknown. The rejection is inapplicable against the present claims. 

Regarding the word "visible solubility", the present specification (page 5, lines 10 to 14) 
explains that such a solubility corresponds to an emulsion containing insoluble oil droplets that are 
invisible to the naked human eye. hi other words, it means that the emulsion appearing to be a clear 
solution is, in reality, a true emulsion of insoluble droplets in an aqueous mixture. The emulsifier 
makes it possible to disperse essential oil in very fine droplets to the point where the droplets are 
invisible. 

The phrase "acceptable as an additive in human food," in the rejected claims, was changed 
in the claims as amended December 31, 2001 - which change is reflected in the present claims - to 
read "acceptable for human consumption," as supported in the specification at page 3, lines 6-31. 

The rejection of claims under 35 USC 103(a) based on US 4944956 (Brun), alone, is 
rendered moot by the amendment filed December 31, 2001. The amendment filed December 31, 
2001, limited the rejected claims to the subject matter of claim 28, which was not rejected under 
§ 103(a) based on Brun, alone. The present claims being, also, limited to the subject matter of claim 
28, are not subject to the rejection. 

Reconsideration is requested with respect to the rejection under 35 USC 1 03(a) of the subject 
matter in claims 28 and 29 based on Brun in view of US 4966779 (Kirk), 
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First, the rewording effected by amending the rejected claims (in the amendment filed 
December 3 1 , 2001 , which is reflected in the present claims) overcomes the reasons for rejection set 
forth in item no. 1 1 of the final rejection (Office Action mailed December 2, 2003). The claims, as 
previously amended and as presented, hereby, clearly recite that the size of particles is limited to "an 
average diameter less than 100 namometers [0.1 |im].'* 

Secondly, the aforesaid added particle-size limitation renders the subject matter of the claims, 
as amended, patentable under § 103(a), statements in the final rejection to the contrary 
notwithstanding, for the following reasons. 

Brun teaches that clear ethanolic compositions become cloudy when they are diluted; but, 
the reference is silent on whether the emulsion is micronized and on the size of particles in the 
ethanolic compositions, as presently claimed. Kirk provides no teaching or suggestion to overcome 
these fatal deficiencies in Brun. 

Kirk discloses an emulsion with an average droplet size of about 0.5 microns to about 8 
microns, preferably fi-om 0.5 micron to about 2 microns (Kirk column 4, line 32). In Example 2 
(Kirk column 6, lines 5 and 6), the average emulsion droplet diameter is described as approximately 
2 microns. The smallest droplet diameter described in Kirk is, thus, 0.5 micron, i.e., 500 
nanometers. Moreover, at the droplet diameters described in Kirk, the reference, itself, teaches that 
the emulsion is not clear but, rather, appears as a milky emulsion (Kirk column 6, line 13). 

On the contrary, the instant claimed invention is directed to a submicron emulsion (or micro- 
emulsion) composed of nanosomes, whose average diameter is less than 100 nanometers^ which is 
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five-fold smaller than the smallest droplet (i.e., 500 nanometers) in the Kirk emulsion. Thus, as 
opposed to the milky Kirk emulsions, the presently claimed invention is a clear emulsion, i.e., an 
emulsion with particle diameters so small it appears clear, as if it were a true solution. 

The clarity of the beverage according to the presented claimed invention results from the fact 
that it is in the form of a submicron emulsion (or micro-emulsion) composed of nanosomes, i.e., 
particles whose average diameter is less than 100 nanometers. Thus, the size of particles is so small 
that the particles are imperceptible to the naked eye and, so, a clear phase liquid, comparable to a 
true solution, but comprising an emulsion, is observed. 

Moreover, the milky emulsions disclosed in Kirk are incorporated into a food product as 
additives, such as for cereal fortification and other nutritional uses. On the other hand, the emulsions 
according to the presently claimed invention are used for preparing non-alcoholic beverages, which 
become cloudy when they are combined with water. 

Attention is, further, directed to the method of preparing small nanosomes as found in the 
presently claimed invention. As illustrated in the examples, the microemulsion is prepared by 
mechanical treatment, which purpose is to reduce the droplet size in the emulsion and, thus, to 
increase the clarity and the physical chemical stability of the emulsion (present specification, page 
5, lines 32 to 37). This is done, e.g., using high pressure homogenization or high speed mixing or 
using a Polytron (appHcation page 1 1 - Example 5, line 16, and Example 6, line 26; page 12 - 
Example 7, lines 1 1 and 12, and example 9, lines 31 and 32). 
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In connection with their response filed May 10, 2001, Applicants stressed that subjecting the 
emulsion disclosed in Kirk to high pressure treatment or high speed grinder mixing would cause the 
average particle diameter to be less than 100 nm; nonetheless, it would still not produce a clear 
solution, because the resulting emulsion would not be thermodynamically stable. Applicants submit 
that the chemical composition of the emulsion mixture is what allows for the apparent clarity of the 
emulsion and, so, the chemical composition of the emulsion disclosed in Kirk will always give milky 
emulsions. 

Kirk teaches a composition of a water-miscible emulsion using specific proportions of (a) a 
fat-soluble vitamin, (b) a liquid edible vegetable oil, (c) a modified lecithin, (d) a sucrose ester, (e) a 
sorbitan monooleate, (f) a sugar alcohol and (g) water. The emulsion has an average droplet size of 
fi-om about 0.5 micron to about 8 microns, preferably about 0.5 micron to about 2 microns, 
compounds (c), (d) and (e) being surfactants. On the contrary, the beverage according to the instant 
claimed invention comprises only one type of surfactant, i.e, one phospholipid. 

The emulsion disclosed in Kirk is stable, i.e., it is an emulsion which does not separate into 
oil and water phases upon standing. Such an emulsion is not a clear solution, because the particles 
are perceptible to the naked eye, as explained above. Moreover, the Kirk emulsion is not intended 
to be diluted before consumption, no anethol is described as being present, and vitamins are 
completely different compounds with completely different uses. 

For one skilled in the art and who wishes to provide clear beverages containing anethol, it 
would not have been obviousness to micronize the emulsion disclosed in Kirk in order to have 
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smaller particles. The solubility threshold of anethol is greater for a given volume of alcohol, as 
disclosed in Figure 1 of the subject application, i.e., as shown by the graph in the figure. 

Regarding the rejection as applied against claim 38 (present claim 63), the claim is directed 
to a cloudy beverage, which is obtained by diluting a clear beverage according to amended claim 20 
(present claim 46). hideed, the first object of the presently claimed invention is to provide a 
beverage that is clear before diluting (with water). The beverage is intended for consumption as 
diluted, and the dilution causing clouding. Examples of such a clear beverage, which become cloudy 
only upon diluting, include Fastis and other aniseed-based aperitif beverages of like kind (see 
present specification, page 1, lines 5 to 9, and page 2, lines 24 to 27). 

Citation to, and reliance on, In re Levin, 84 USPQ 232 (CCPA 1949), in the statement of 
rejection is noted by Applicants. Reliance on Levin is, however, misplaced. 

Under the rule set forth in Levin, the presently claimed invention, broadly (i.e., as defined in 
claim 28, claim 20 as amended, and present claim 46), is patentable. Moreover, the facts in Levin, 
which led to the holding of unpatentability in that case, are readily distinguishable from the facts in 
the present situation. 

According to the decision in Levin: 

No single reference shows all of the ingredients and steps set forth in the 
appealed claims. However, more than one reference may be properly considered in 
determining the patentability of claims. Accordingly, no point can be successfully 
made here that in the combined references upon which the tribunals of the Patent 
Office relied there was no clear disclosure or suggestion of each and every 
ingredient of the product . . . defined by the appealed claims. 
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84 USPQ at 233 {emphasis added). Thus, the holding of unpatentibility in Levin is expressly limited 
to fact situations in which ''no point can be successfully made . . . that in the combined references 
. . . relied [upon] there was no clear disclosure or suggestion of each and every ingredient of the 
product." 

In other words, the court in Levin held that the applicant/appellant could not contest the 
finding that "each and every ingredient" of the claims was disclosed "in the combined references 
upon which the . . . Patent Office relied," Contrary to the facts found '\n Levin, however, "each and 
every ingredient of the product" presently claimed is not found "in the combined references upon 
which the . . . Patent Office reUed." 

As opposed to the prior art relied on to reject the claims in Levin, the combined teachings of 
Brun and Kirk do not contain a "clear disclosure or suggestion" (84 USPQ at 233) of anethol- 
phospholipid droplets - i.e., "nanosomes having an average diameter less than 100 nanometers" - 
as recited in the present claims. Thus, the holding in Levin is not controlling under the present facts. 

Of course the court mLevin did not find the claims unpatentable under 35 USC 103(a), since 
the decision antedated the changes in the patent laws occurring in 1952, which created Section 103. 
Levin is, however, consistent with post- 1952 decisions holding that a finding of obviousness under 
Section 103 requires that all claim limitations must be found in the prior art in order to support a 
holding ofobviousness, e.g., /« re 180 USPQ 580 (CCP A 1974). "All words in a claim must 
be considered in judging the patentability of that claim against the prior art." In re Wilson, 165 
USPQ 494, 496 (CCP A 1 970). When conducting an obviousness analysis, "all limitations of a claim 
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must be considered in determining the claimed subject matter as is referred to in 35 USC 103 and 
it is error to ignore specific limitations distinguishing over the reference*' relied on to reject the 
claims. Ex parte Murphy, 217 USPQ 479, 481 (PO Bd. App.1982). 

In the present situation, however, neither of the references relied on to reject the claims, taken 
alone or in combination, describes aqueous emulsions containing anethol-phospholipid droplets of 
less than 100 nanometers in diameter, i.e., "a submicron emulsion or micro-emulsion composed on 
nanosomes having an average diameter less than 100 nanometers of the type comprising anethol- 
phospholipid phase" (claim 28, claim 20 as amended, and present claim 46). 

Accordingly, at least one limitation on rejected claim 28 (claim 20 as amended and present 
claim 46) is not supported by the prior art relied on to reject the claims under § 103(a). Since "the 
cited references do not support each limitation of [the] claim," the rejection under § 1 03(a) "is simply 
inadequate on its face." In re Thrift, 63 USPQ2d 2002, 2008 (Fed. Cir. 2002). Withdrawal of the 
rejection under 35 USC 103(a) appears to be in order. 

Submitted herewith is the Declaration of Mr, Pascal Brunerie under 37 CFR 1.132 ("the 
Brunerie Declaration"), which, further, demonstrates patentability of the presently claimed invention 
under § 103(a). Mr. Brunerie currently holds the position and title Head of Chemistry at Centre de 
Recherche Pernod Ricard (associated with assignee of record Pemod Ricard). On applicant's behalf, 
Mr. Brunerie analyzed the rejection under 35 USC 103(a) set forth in the final Office Action, and 
subsequent Advisory Action , in the subject application. 
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In Mr. Brunerie's expert opinion, the teachings of Kirk do not support the allegations set forth 

in the statement of rejection. That is, according to the statement of rejection (Office Action mailed 

February 14, 2001) (emphasis added): 

Brun et al . . . are silent as to whether the emulsion is micronized. Kirk teaches the 
production of [a] water miscible emulsion using a modified lecithin that is produced 
for the food industry in [a] size of 0.5 microns that is stable. It would have been 
obvious to those skilled in the art to micronize the emulsion of the prior art [Brun] 
in order to enhance the stabilization of the [Brun] food product. 

In other words, the statement of rejection alleges that Kirk teaches a microemulsion by 
disclosing an emulsion having a 0.5 micron particle size. 



The Brunerie Declaration confirms the aforesaid interpretation of Kirk, specifically that Krik 
neither teaches nor suggests a microemulsion. 

In the words of Mr. Brunerie (Brunerie Declaration, ^ bridging pages 1 & 2), contrary to the 

allegations contained on the statement of rejection, 

one skilled in the art would not have considered the particle size of at least 0.5 [im 
(500 nanometers) in the milky emulsion taught by Kirk to teach or suggest the 
particle size of at most 0.1 [im (100 nanometers) in the clear microemulsion in 
accordance with the invention described and claimed in the subject application. 

As detailed in the Brunerie Declaration, the word microemulsion is a term reserved - as 
known to one skilled in the art - for emulsions having a maximum droplet size of 0. 1 [i (1 00 
nanometers). 

The Brunerie Declaration relies on four, cited publications in explaining that the 0.5 (im- 
droplet-size emulsion of Kirk, neither teaches nor suggests a microemulsion. For example, 
as explained in the Brunerie Declaration (T| bridging pages 1 and 2) {emphasis in original). 
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One skilled in the art would have typically reserved the term "microemulsion" to 
identify clear emulsions having droplet diameters no larger than 0.1 |im (100 
nanometers) and to distinguish "emulsions," which are opaque (i.e., milky or cloudy) 
in appearance and have much larger droplet diameters. Moreover, one skilled in the 
art would have understood that this difference in droplet size is a determinative factor 
in the clarity/opacity difference. As set forth in Microemulsion: A Definition, online 
at URL http://surfactants.net/microemulsion.htm (copy attached, hereto): 

Mcroemulsions are typically clear solutions, as the droplet diameter 
is approximately 100 nanometers or less. . . . Emulsions (or 
macroemulsions) are in contrast unstable, the suspended droplets . . 
. are much larger, typically one micron or more, resulting in a cloudy 
or milky dispersion. [Emphasis added.],,. 

Kirk (US Pat. No. 4966779) does not disclose a microemulsion, either expressly or 
inherently. What Kirk does disclose are stable, water-miscible emulsions, (i.e., 
macroQxnulsions) containing having a droplet particle size of 0.5-8 |im. Example 1 of Kirk 
describes such an emulsion as having a milky aspect (Kirk column 6, lines 12-13) and a 
droplet size of 2 |im (Kirk column 6, lines 5-6). The conspicuous absence from Kirk of any 
mention of the term microemulsion is consistent with the fact that milky emulsions having 
a particle size of 0.5 ^m (or larger) would not have been considered microemulsions by one 
skilled in the art. On the contrary, the person skilled in the art would have considered Kirk's 
disclosure of particle sizes no less than 0.5 |im, being so far from the particle sizes (no larger 
than 100 nanometers) necessary for a microemulsion, as effectively excluding clear, 
microemulsions, i.e., as effectively limited to milky, non-microemulsions. 

The Brunerie Declaration shows that Kirk, in effect, is deficient in the teachings necessary 

to have led one skilled in the art to change a phospholipid-&-anethol-containing microemulsion 

beverage to a phospholipid'&-anethol-containing microemulsion beverage, as in the subject matter 

presently claimed. When a reference in relied on in a rejection under § 103(a) based on a 

combination of references, "individual defects of the reference . . . can defeat the rejection." In re 

Lyons, 150 USPQ 741, 746 (CCPA 1966). 
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Favorable action is requested. 



Respectfully submitted, 



JACOBSON HOLMAN PLLC 




By: 




William K. Player 
Reg. No.: 31,409 



The Jenifer Building 
400 Seventh Street, N.W. 
Washington, D.C. 20004 
Tel.: 202-638-6666 
Fax: 202-393-5350 
WEP/bap 

Date: September 21, 2004 

Attachment: Rule 132 Declaration of Pascale Brunerie 
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APPENDIX 

Marked'Up Version of claims attached to amendment filed December 31, 2001 

20 (amended). Alcoholic or nonalcoholic beverage containing anethol, comprising an effective 
amount of at least one phospholipid, acceptable [as an additive in human food, in order to 
improve the visible solubility of the anethol in said beverage] for human consumption, in the 
form of a submicron emulsion or micro-emulsion composed of nanosomes having an average 
diameter less than 100 nanometers, of the type comprising anethol-phospholipid phase in 
aqueous, alcoholic or non alcoholic phase . 

29 (amended). Alcoholic or nonalcoholic beverage according to claim [28] 20, wherein the 
microemulsion is obtained by high-pressure homogenization or by an appropriate mixer at 
high speed. 
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In re application of: Brigitte FALCONNIER 

Application No.: 09/423,665 Art Unit: 1761 

Filed: November 22, 1999 Examiner: Curtis Edward SHERRER 

For: NOVEL CLEAR BEVERAGE OPTIONALLY ALCOHOLIC CONTAINING 

ANETHOL AND CLOUDY DILUTED BEVERAGE OBTAINED BY DILUTION 

DECLARATION UNDER 37 CFR 1.132 

Mail Stop AF 
Commissioner of Patents 
P.O. Box 1450 
Alexandria, VA 22313-1450 

The undersigned, Pascal Brunerie, does hereby declare and state that: 

1. He currently works as the Head of Chemistry at Centre de Recherche Pernod Ricard, 
associated with assignee of record Pernod Ricard, 

2. His ''Curriculum Vitae" and a "List of Publications," which listed publications he 
authored or co-authored, are attached hereto. 

3. He is familiar with the subject application and the final Office Action mailed November 
29, 2001, and Advisory Action mailed January 17, 2002, and the rejection of claims as 
set forth, therein, under 35 USC 103(a) ("the rejection") based on U.S. Pat. No. 4,966,779 
(Kirk). 

4. He provides his analysis and opinion as an expert in the art, as follows, to show that, 
contrary to allegations made in support of the rejection, one skilled in the art would not 
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have considered the particle size of at least 0.5 jim (500 nanometers) in the milky 

emulsion taught by Kirk to teach or suggest the particle size of at most 0.1 )im (100 

nanometers) in the clear microemulsion in accordance with the invention described and 

claimed in the subject application: 

It was well known to one skilled in the art that the size of particles in an emulsion has 
a direct influence on its clarity - whether the emulsion is transparent, opaque, or 
somewhere in between (translucent) - otherwise referred to as its visual aspect. 

The term "microemulsion" was first used in 1959 by J. H. Schulman and co-workers 
to describe a transparent, quaternary emulsion obtained by progressively adding a co- 
surfactant to a crude, opalescent, emulsion comprising a hydrocarbon, a surfactant, 
and water (Rosano, H. L., "Introduction," Microemulsion Systems, ed. Rosano, H. L., 
and Clausse, M., xv-xix. New York, 1995) (copy attached, hereto). These 
microemulsions were found to be constituted by particle droplets having a diameter 
of 60-600 A, or 0.006-0.06 (Rosano, atxvz). 

Further studies of microemulsions confirmed that transparency may be obtained only 
if the particle size is smaller than 0.1 \\m (Ekwall, P. et al.. Molecular Crystals and 
Liquid Crystals, 5, 157-213, 1969; Clausse, M. et al.. Proceedings of the World 
surfactant Congress, Munich, May 6-10, 1984, Kiirle Druck Glenhousen, West 
Germany 1984, Vol. Ill, 209-219; Boned, C. et al., Journal of Colloid Interface 
Science, 88, 602-604, 1982) (copies of which are attached, hereto). 

One skilled in the art would have typically reserved the term "microemulsion" to 
identify clear emulsions having droplet diameters no larger than 0.1 \xm (100 
nanometers) and to distinguish "emulsions," which are opaque (i.e., milky or cloudy) 
in appearance and have much larger droplet diameters. Moreover, one skilled in the 
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art would have understood that this difference in droplet size is a determinative factor 
in the clarity/opacity difference. As set forth in Microemulsion: A Definition^ online 
at URL http://surfactants.net/microemulsion.htm (copy attached, hereto): 

M/croemulsions are typically clear solutions, as the droplet 
diameter is approximately 100 nanometers or less. . . . Emulsions 
(or m<3croemulsions) are in contrast unstable, the suspended 
droplets . . . are much larger, typically one micron or more, 
resulting in a cloudy or milky dispersion. [Emphasis added,] 

Besides the effect of particle size, the formation of a clear/quaternary microemulsion 
- from its milky precursor - is effected by the surface tension at the interface 
between oil and water in the precursor emulsion. The stability of a microemulsion 
obtained by adding to its precursor a co-surfactant depends on the structure of the 
film that coats each particle formed as the co-surfactant is added. 

Kirk (US Pat. No. 4966779) does not disclose a microemulsion y either expressly or 
inherently. What Kirk does disclose are stable, water-miscible emulsions (i.e., 
wacroemulsions) containing having a droplet particle size of 0,5-8 |xm. Example 1 of 
Kirk describes such an emulsion as having a milky aspect (Kirk column 6, lines 12- 
13) and a droplet size of 2 jim (Kirk column 6, lines 5-6). The conspicuous absence 
from Kirk of any mention of the term microemulsion is consistent with the fact that 
milky emulsions having a particle size of 0.5 ^m (or larger) would not have been 
considered microemulsions by one skilled in the art. On the contrary, the person 
skilled in the art would have considered Kirk's disclosure of particle sizes no less 
than 0.5 |im, being so far from the particle sizes (no larger than 100 nanometers) 
necessary for a microemulsion, as effectively excluding clear, microemulsions, i.e., 
as effectively limited to milky, non-microemulsions. 
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The physical phenomena managing the formation of microemulsions, in fact, teach 
away from the conclusion, alleged in the rejection, that the stable, cloudy emulsion 
having an average droplet size of about 0.5-8 |xm disclosed in Kirk would have 
rendered obvious to one skilled in the art the stable, clear microemulsion having a 
diameter no larger than 0.1 :m in accordance with the invention disclosed and claimed 
in the subject application. 



The undersigned hereby declares that all statements made herein of his own knowledge 
are true and that all statements made on information and belief are believed to be true; and 
further that the statements are made with the knowledge that willful false statements and the like 
so made are punishable by fine or imprisonment, or both, under Section 1001 of Title 18 of the 
United States Code and that such willful false statements may jeopardize the validity of the 
application or any patent issued thereon. 

Further declarant sayeth naught. 
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CURRICULUM VITAE 



BRUNERIE PASCAL 

17, rue des Marais 
94440 SANTENY 

Phone: 01 43 86 12 99 

46 years old 
Married, 2 children 



PROFESSIONAL EXPERIENCE 

CENTRE DE RECHERCHE PERNOD RICARD 

Since 2001 Head of the Chemistry Department 

Budget: 360 KEuros (out the salaries) 
Mission: 

Conception, organisation and setting of research and use projects. 
Leadership of a team comprising seven persons, one engineer and five 
technicians. 

Field of activity: 

Research in the field of taste and smell applied to the products of the Group 
Authenticity control of the aromas 

Relationship between the sensorial properties and the aromatic composition 
Determination of the origin of the raw materials 
Service delivery of the Group subsidiaries 

Used techniques: 
Gaseous chromatography 

Coupling between gaseous cliromatography and mass spectrometry 
High performance liquid chromatography 
Atomic absorption 
Isotopic mass spectrometry 

Miscellaneous: 

President of the Club Aromes Alimentaires de I'association ECRIN 
(Echange et Coordination Recherche et Industrie). 

President of the Technico-Scientific Group of the CEPS (Confederation 
Europeenne des Producteurs de Spiritueux). 

Member of the Office International de la Vigne et du Vin as expert in 
analysis methods. 

Technical auditor at the Comite Fran9ais d'Accreditation (COFRAC). 
Expert member of the Commission Generale d'Unification des methodes 
d' Analyse a la Direction Generale de la Concurrence, de la Consommation 
et de la Repression des Fraudes. 




CURRICULUM VITAE 



Assistant of the Head of Department 

Department of analytical chemistry 

Head of analytical chemistry laboratory 

Organisation of research and use projects 

Organisation of the work of one team comprising two engineers and three 
technicians 

Research engineer in analytical chemistry 

for PERNOD RICARD 

Post doctoral fellow 

Wurzburg University (Germany) in the laboratory of Professor SCHREIER 
"Study of the biotransformation of terpenic alcohols by a grapes mould" 

SCIENTIFIC EDUCATION 

1981-1984 PhD IN ORGANIC SYNTHESIS 

Universite Pierre et Marie Curie (Paris VI) 

1979-1981 MAITRISE IN BIOCHEMISTRY 

DEUG de Sciences de la nature et de la vie 
Universite Pierre et Marie Curie (Paris VI) 

LANGUAGES 

. Anglais (fluent) 

. German (good knowledge) 

SCIENTIFIC PUBLICATIONS 

Thirty articles concerning the work by PERNOD RICARD and published in journals at the 
Advisory Comity's 

Eight patents and patent applications concerning the production of natural flavouring 
substances 



1994-2001 
1990-1994 

1987-1990 
1986-1987 



LIST OF PUBLICATIONS 



* Azabicyclic Compounds Synthesis: Reactions of Cyclic Beta-Enaminoesters with Alpha, 
Beta-Unsaturated Carbonyl Compounds 

P.Brunerie, J.P.Celerier, M.Huche et G.Lhommet 
Synthesis, Vol.8, pp. 735-738, 1985. 

* Une nouvelle synthese de beta-enaminoindanone 
P.Brunerie, J.P.Celerier, et G.Lhommet 
J.Heterocyclic Chem., Vol.22, pp. 447-449, 1985. 

* Acylation des beta-enaminoesters : regio et stereofomiation des beta-en aminoesters 
N- ou C-acyles. 

P.Brunerie, J.P.Celerier, H.Petit, et G.Lhommet 
J.Heterocyclic Chem., Vol.23, pp. 1183-1188, 1985. 

* Bioconversion of citronellol by Botrytis Cinerea 
P. Brunerie, I. Benda, G. Bock and P.Schreier 
Appl.Microbiol. Biotechnol., Vol.27, pp. 6-10, 1987. 

* Bioconversion of citral by Botrytis Cinerea 
P. Brunerie, I. Benda, G. Bock and P Schreier 
Z. Naturforsch., VoL42c, pp. 1097-1 100, 1987. 

* Bioconversion of monoterpene alcohols and citral by Botrytis Cinerea 
P. Brunerie, I. Benda, G. Bock and P. Schreier 

In Bioflavour 1987, Editor: P. Schreier, Walter de Gruyter and Co, Berlin, New York, 
pp. 435-444 , 1988. 

* Influence of fungicide on the quality of fennel essential oil 
J. Bricout, P. Brunerie, P. Desmarest 

Proceedings of 11th international congres of essential oils, fragrances and flavours. 
New Delhi, India, November 1989. 

* Comparaison de I'arome de differentes varietes de fraise analyse et evaluation sensorielle 
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Microemulsion: A Definition 



A microemulsion is a thermodynamically stable dispersion of one liquid phase into 
another, stabilized by an interfacial film of surfactant. This dispersion may be either 
oil-in-water or water-in-oil. Microemulsions are typically clear solutions, as the 
droplet diameter is approximately 100 nanometers or less. The interfacial tension 
between the two phases is extremely low. 

Emulsions (or macroemulsions) are in contrast unstable, the suspended droplets will 
eventually agglomerate and the dispersed phase will phase separate. Emulsion droplet 
sizes are much larger, typically one micron or more, resulting in a cloudy or milky 
dispersion. The nature of an emulsion may depend on the order of mixing of the 
ingredients and the amount of energy put into the mixing process. The final 
microemulsion state will not depend on order of mixing, and energy input only 
determines the time it will take to reach the equilibrium state. 

Microemulsions are two phase systems, in contrast to micellar solutions, which may 
be considered one phase. 

For books on microemulsions and their applications, click here . 

For more information on surfactants, see the Surfactants Virtual Library . 
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* \A/-in<?nr IV Phases 
partition of the W70 Area of W.nscr^^^^^^^^^^^ 

W-^n ... or — ^^^^^^^ 

r , from conductivity max,m "J J J ° ^ ^*:^\;^;,^,Ssurfactant aggregates, 

iv realm into three -f^'''='";;^'";eontent increases, to prem.ccllarh .^^^ 
responding. respect.vcly^astt^. wa^r ^^^^^^^ ^ """^' /we -balanced ionic surfactant 

'"-t « iC- - - T omt cin; c:r j:i-ed an. co^.ucntW. U 

OT^ the surface active agent. In some cases. 
rr;S,lct'o'identirytheMCsubarea. 



Winsor IV phases (i). -rif;^:^..:^^ 
sions after Schulman ''j' }-^^' ^^ i^^opic media 
„,onophasic. fluid. '-"^P/^'^.Te proportions water 
„ade up by Irlnce of suitable amphiphilic 

and a hydrocarbon m P'«*"" „f 3„ ionic surfac 
substances, very often ,,,„hol (cosurfac 

unt and of a medmm J^'" f jf^^^^j,, investigations 

unt). During P-t^ ^^J \v phas« which belong 
have been devoted to W'"Sor I P ^^^^^^ 
,0 the class of ^^ort-range -gamze .^^^ 
interesting properties m v,ew app 
industrial fields (3-6). f quaternary Wmsoc 

A most useful «P'=«"'f °" °,,^„t_alcohol combi- 

IV systems incorporating ^"^f^ ^Xohol mass ratio). 

nation(definedby-c.thcsur a ant/al^^^^ 

.3 ,he WHS mass P-^^^'^^^he realm of existence 
which it is possible to f^^'^^^ ,„„3i„y Two dif- 

of Winsor IV ^^-^\^'^°^Z Z,,r.ic..i. depending 
ferent main situations can be enc ^^^^^^^^^ 
upon composition factors such as h ^^^^ 

structure (7). ^'^"^ °i hydrocarbon-in-water 
«ater-in-hydrocarbon(w/oUndny ^.^^^ 

(o/w). areas merge so as o form a ^ ^^^^^ 
domain. In that "'-"""jJ^.^Ju'^hose variations at 
a fairly high electrical ^'^'^^^^^^ ^ described by 
low and medium «»'=V=°"'^"''^'rhe Percolation and 
means of .grpor a second class of 

Effective Medium theories (8). l-o ^.^ .^^^ 

systems (Type U). the w/o m long- 

and separated by a -mpos-uon zone o 

range organized media ^"^""'"'^f fig,, i and 2, 

dented here by the ^^^'^^ Z:^^^^'^^^^^ 
is similar to that ^'-'^^^^Xl^Z,,', surfactant such 
IV ph^-^;"-f;S^f of a surfactant-alcohol 

as Aerosol OT (AO 1 ). ^^^^ situation, 

^mbination as •,„ductivity of the 

.°;rns::Vrhar.elS>-aluesand^^^^^^^ 



. changes as the system composition varies 
monotonous changes « 

(7. 9)- , <Q^ i, was shown, on the Type 

In a precedmg paper , ,.hex.anol/hexade- 

" '^''"^ rlSridSwity nonmonotonous 
cane, that the ;° ^/o area into three 

changes allowed - parUtion^' 

adjacent -''-'^.^^^^."^responding. respectively, to 
defined by =°'"P°*"'°"* 'i„ima. In an attempt to as- 
conductivity maxima and^— ^ ^^^^^ 

detail previously (9). 
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suSc/l-heptano./dcdcca„= s,sums, 
(fc = 1/2). 



d three of thctn 

Among the six ^'f ,SThcxaaol/do<lccanc; 
(water/sodium dodecy 

later/sodium dodecy -'Jf^^:/,/^„.cnc) displayed 
water/potassium oleate/l pen a ^ ^.^^^ ^^.^^ 
a conductive bchav.or of thcj / ^^.^^^^^ 
si^nilar to the one pu •;'°J„„„,/^«adecanc system, 
water/potassium oleate/l-h«an^^/ 

From the J"" Sble to define two Wnes. 

maxima and mm.ma .t ''^J'^^^^ ^he */o W.nsor 
r, and respectively, that part ^^^^ ^^^^ 
i; area into 'hrec adjacent subarc ^^^^ ^^^^^ 
PM. ME, and MC .n F.g. ./^.^eptanol/dodecane 



,. r was not idcntiaed clearly 
lanol/benzenc). the Une i , di„g to conduc- 

sincc the compos,t>on po m U c^r ^ ^^^^^ ^^^^^^ 

,Wity m.nima f^^^^/j: ^'wi^sor IV area. In that 
of the boundary V of the iti<,„ed by T, mto 

case, the w/o monopha .c a«a ^ f -.g. 2. 

two adjacent s"bareas Ut^=>=d ^ 
The different conduc^vuytren ^.^^^^ 

cribed to structural ^^angj^^ th ' 3„barea 
phases as the compos>t.on van« , ■ 

Uud PM. the --^'l^f^'Zsisi of suspensions of 
most likely that the system^ = gates. As shown 

h,.rated surfactant ^^^^^ Z^ Uo. '^^'^^^ 
Figs. 1 and 2. r. P''^" ^^; am. which md.cates 

toward the H apex of Ph»*« « J j,^ that was 

a constant water/surfactant molar ra^^^^ 

evaluated to 12 or so ca« ^^^j,,^ 

.iecyl sulfate/l-heptano /dod«^^^ ,,he. 

This finding is ^""f' ^''"'^^ !;„3idered as a curve mark- 
authors (10-12). T, can V«cons.d ^^^^^^ 

i„g the onset of f^'"";"'^ ^v r the subarea labeled 
spherical micelles '^at «ist „ r, and the 

'^E and bounded by r, and r^CF..- J-^^ ^^.^ 

lower branch of T «h«="T' J^^^ 3„rfactant molecule 
introducing J. the average «^a pe ^.^^^^^^ ^^^^^.^ 
polar head, it .s possible to comP 

jTom the constant f.^'.-i^nol/dodecane systems 
sodium dodecyl J^^^ ^iUue radius r„ were 

the water core rad.us r ""^ 73 A or so (Table 

found equal respective y ^^^^^^^ ■„ literature. 



TABLE I 





= 298 K. 



:srd:eSr:x--r'°"- 

-water/surfactant molar rat.o. 
. Water core radius (m A). 
/Micelle radius (in A)- 
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micelles or, more likely, mi . interactions 

a clustering process -^uccd by attrac ^^^^^^^^^^^ 

between swollen w/o y.^'^ ^^^h water, a 

by Fig. 3. for ternary sys en^ formed - 
hydrocarbon and a '""^.^^ed. with val- 

a AOT. similar phenomena ^ f^'^^ n or 
„es of along the hncar par^ of F, «,ua 

in a forthcoming full article. 
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constituents, temperature, optionally pressure, etc.), 
on the behaviour of the system. By means of comparative 
analyses of the phase diagrams of similar systems, it 
is possible to . demonstrate the influence of various 
compositional parameters on the formation and stability 
or the equilibrium of media comprising • mesophases 
and/or phases of the microemulsion type. Such studies 
are of immediate usefulness as regards the 
technological and industrial, applications of systems 
containing amphiphilic compounds. In general, they lead 
towards the establishment of a typology of the mode of 
action of the various classes of amphiphilic compounds , 
used alone or in combination, and thus of their 
capacity to induce the formation either of a mesophase 
or of unordered phases of the microemulsion type. In 
the case in point, they maJce it possible to obtain 
precise knowledge of the conditions for obtaining a 
given type of medium, this information being, on 
account of the appreciable differences in physical 
properties (for example viscosity) presented by 
mesophases and micrpemulsions , of great importance for 
the design of industrial processes based on the use of 
mult 1 -constituent complex fluids, some constituents of 
which are of the amphiphilic compound type. For largely 
identical reasons, the study of phase diagrams is also 
of great value in the field of fundamental research 
devoted to systems containing amphiphilic compounds. 
With the information that it provides regarding the 
internal organization of phase diagrams, this method 
makes it possible to identify general behaviour models, 
especially as regards the modes of transition between 
media of different species, and to develop, where 
appropriate, particular situations possibly revealing 
the existence of media of "eccentric" structure. 
However, the phase diagram method, used alone, can give 
only general indications, which are insufficient to 
gain access to precise knowledge of the various types 
of medium. It can therefore be a fertile method only if 
it is combined with techniques for obtaining a detailed 
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Mixtures of water (or aqueous saline 

solution) /amphiphilic compounds /hydrocarbon (s) give 
rise to media that are very varied in the number - and 
nature of the various macroscopic phases of whicti they 
are composed, when thermodynamic equilibrium is 
reached. The most advantageous situations are those for 
which the medium comprises at least either a mesophase, 
(1), i.e. a phase with wide-scope organization, or a 
microemulsion, (2), i . e . an unordered fluid phase, rich 
in amphiphilic compounds, which may incorporate large 
amounts of water and/or of hydrocarbon. The study, as a 
function of the composition and the thermodynamic 
constraints, of the formation of media comprising 
mesophases and/or microemulsions . and of the 
configuration of the stability range of these 
particular phases (in the case of fane-phase media), or 
of equilibrium of these particular phases with each 
other or with excess aqueous and/or organic phases (in 
the case of multi-phase media), is a subject of great 
interest, from both a. strictly scientific and a 
technical point of view. 

An examination of the abundant literature devoted to 
mesophases and microemulsions shows that the study of 
these media may be performed using very varied methods, 
some of which are based on sophisticated techniques. A 
standard method for studying systems containing 
amphiphilic compounds consists in determining and 
analysing the internal organization of their phase 
diagrams. For a given system, this method makes it 
possible to delimit the regions of existence of the 
various possible types of medium and to demonstrate the 
influence of diverse variables (titres of the various 
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description of the structure of the media and of the 
interactions existing therein. The structure of 
mesophases may be determined by means of X-ray 
diffraction experiments (3-5) , preceded or 

complemented, as necessary, by observation of the 
optical textures, using a polarizing microscope or an 
electron microscope, and by measuring certain physical 
properties, such as the density, the viscosity and the 
electrical conductivity (6-8) . Details of the 
organization of these media may be obtained using 
techniques such as nuclear magnetic resonance, electron 
paramagnetic resonance and small -angle neutron 
scattering (7, 9-11) . As regards unordered phases of 
the microemulsion type, studies aimed at determining 
their structure are very numerous and varied, in terms 
of both the nature of the systems and th.e objectives 
pursued and technic[U€S used. This may be illustrated 
with the example of water/ionic 

surfactant/alcohol/hydrocarbon quaternary systems . In 
the case of systems of this type, varioixs groups of 
authors have proposed, for one-phase microemulsions low 
in water but saturated with hydrocarbon, models of 
internal structure and interactions (12-14) , these 
models being based on results obtained from ultra- 
centrif ugation, small-angle neutron scattering, 
electroconductimetry, viscometry and ligttt-scattering 
experiments (12, 15-21). These models oonstitute a 
solid basis for the development of fesear-ch aimed at 
identifying the structure of non- saturated one-phase 
microemulsions, over their entire range of existence, 
and also that, of microemulsions consisting of the 
phases rich in amphiphilic compounds of '*Winsor" two- 
phase and three-phase media (22) . Since the dilution 
process used in the case of saturated microemulsions, 
which is a process that is said to have no effect on 
their structure and the interactions existing therein 
(23) , cannot be applied to saturated one-phase 
microemulsions and to the microemulsions of Winsor 
systems, study of the structure of these dense media 



cannot in fact be performed in the same manner as that 
of the structure of saturated microemulsions . The 
studies devoted- to non-saturated one-phase 

microemulsions generally consist in monitoring the 
evolution of a certain number of physicochemical 
characteristics of .the medium as a function of various 
compositional paraimeters (24) . The results thus 
obtained are analysed globally, by direct or indirect 
reference to the phase diagram of the systems under 
consideration, which makes it possible to draw 
conclusions regarding the structure of the medium in 
different regions of the microemulsion domain. It is 
thus possible to check whether the structural models 
developed in the case of saturated microemulsions can 
be transposed to the case of non- saturated one -phase 
microemulsions or whether new models allowing the 
various experimental data to be taken into account 
should be developed- It is along similar lines that the 
structure studies relating to phases rich in 
amphiphilic compounds . of mult i -phase media of the 
Winsor type are performed, (25). This is also true in 
the case of othe3: categories of systems, such as 
systems containincf nonionic amphiphiles or systems 
containing only one ionic amphiphile of the Aerosol OT 
type, with which one-phase microemulsions and media of 
the Winsor type are also obtained. 

The literature abounds with examples demonstrating the 
value of the phase - diagram method for the experimental 
study of microemulsions. Some of these are briefly 
reported hereinbelow, as illustrations. Shinoda et al . 
(26-33) performed numerous studies concerning the phase 
diagrams of systems containing nonionic surfactants. 
This enabled them to show the influence, on the 
behaviour of systems of this category, of the nature of 
the surfactant, of that of the hydrocarbon and of that 
of additives of the electrolyte type, and to 
demonstrate very clearly the decisive influence of 
temperature on the activity of the surfactant and thus 
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on the formation and the stability range of a givezi 
type of medium. The numerous data thus acquired alloweci 
the authors to define the conditions required to obtaiii 
one-phase microemulsions incorporating large amounts of 
water or hydrocarbon. By applying the same method of 
study, Kunieda and Shinoda (34-35) showed that the 
behaviour of systems incorporating Aerosol OT as sole 
amphiphile is globally analogous to that of systems 
containing nonionic surfactants. In the course of their 
studies, Shinoda et al . paid most particular attention 
to the effect of temperature on th.e behaviour of 
systems containing nonionic surfactants. This led them, 
as a general rule, to consider as a parameter the 
concentration of the surfactant in the systems and thus 
to determine the organization of the ptiase diagrams of 
the systems studied as a function of two variables, the 
temperature and the relative water (or hydrocarbon) 
content. For reasons associated with the general 
objectives of their studies, Shinoda et al . essentially 
studied systems characterized t»y surfactant 

concentration values of the order of oar less than 10%, 
which, in a certain manner, limits the general scope of 
the results obtained by these researchers. Other 
authors adopted a complementary approach by treating 
the temperature as a parameter, which led them to 
determine, at a given temperature, phase diagrams as a 
function of the concentrations of tlie three basic 
constituents of the systems: water, tiydrocarbon and 
nonionic surfactant. Examples that may be mentioned 
include the studies by Lo et al . , (36), Hermann et al . , 
(37-38), Mathis et al . , (39), Boyle et al . , (40) and 
Friberg et al , , (41-42). The results acquired by these 
authors show that, in the water/surf act ant /hydrocarbon 
ternary diagram, the configuration of the domain of 
existence of media of . the microemulsion type varies 
enormously as a function of certain parameters, such as 
the nature of the hydrocarbon or the . temperature . The 
results obtained by Mathis et al . , (39) , Boyle et al . , 
(40), and Friberg et al . , (41-42), show that, in the 



concentration- temperature three-dimensional diagram of 
the systems studied^ the domain of existence of media 
of the microemulsion type is contiguous, which makes it 
possible to understand why, following the temperature 
value, the microemulsion domain determined in the 
water/surf actant/hydro.carbon ternary diagram may 
consist either of a single region or of two or three 
detached regions. Nilsson and Lindman, (43), exploited 
this experimental finding to attempt, via nuclear 
magnetic resonance experiments, to determine the 
structure of the medium in the various microemulsion 
regions of three hieavy water/ surf actant/hydrocarbon 
systems similar to tiiose studied by Friberg et al . , 
(41-42) . The results thus obtained as regards the 
variations, as a function of the composition, of the 
coefficients of autodiif fusion of the heavy water, of 
the hydrocarbon and of the surfactant tend to show 
that, over the majority of the microemulsion domain, 
there are no cleaarly structured water/hydrocarbon 
interfaces and that the formation of Schulman 
microemulsions , (2), i.e. dispersions of microdroplets 
of water in organic medium or of microdroplets of 
hydrocarbon in aqueous medium, takes place only in 
regions corresponding to compositions that are very 
rich in hydrocarbon or very rich in water. As regards 
systems incorporating ionic surfactants, the studies of 
Ekwall et al . , (1), should firstly be recalled, which 
constitute a reference since they form a quite full 
catalogue of the various types of internal organization 
of phase diagrams of systems comprising an organic 
body, an ionic. . surfactant and water. The diagrams 
published by these authors show especially that the 
domain of existence of media of the microemulsion type 
may have a very varied configuration, which depends on 
the nature of the organic substance and on that of the 
ionic surfactant. Various groups of authors have 
devoted part of their studies to determining the 
microemulsion domaims of standard water/ ionic 
surf actant/alcohol/hydrocarbon quaternary systems , 
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which is considered as the starting point for 
microemulsions of this type. In order to demonstrate 
the relationships existing between cjuaternary 
microemulsions and water/ionic surfactant/alcohol 
ternary one-phase solutions, Friberg and coworkers, 
(44-47) , quite exhaustively studied the water/potassium 
oleate/l-hexanol/benzene system, by combining various 
techniques with the phase diagram method. They were 
thus able to show, firstly, that the domain of 
existence of microemulsions of the water- in-hydrocarbon 
type of the system under consideration ("inverse" 
microemulsions) constitutes the three-dimensional 
development of the domain of existence of water-in- 
alcohol one -phase . solutions ("inverse" micellar 
solutions L2) , secondly/ that inverse microemulsions and 
inverse micellar solutions show behavioural analogies 
as regards the change of some of their physicochemical 
properties with the water content. It appears in 
particular that inverse micellar solutions and 
microemulsions are, for low water contents, suspensions 
in organic medium of premicellar aggregates, formed 
from water molecules strongly bound to surfactant 
molecules, and do not contain true microdroplets of 
water, with an aqueous core surrounded by an 
interfacial film of surfactant and alcohol tnolecules, 
except for water contents characterized by a 
water/surfactant molar ratio of greater than about 10. 
From these results, Friberg et al . drew the conclusion 
that there is structural continuity between inverse 
micellar solutions and inverse microemulsions. Other 
authors have also arrived at this conclusion <48) . The 
relationships existing between c[uaternary 

microemulsions of the hydrocarbon- in- water type 
("direct" microemulsions) and alcohol - in- water one- 
phase solutions ("direct" micellar solutions Li) were 
also studied by Friberg and coworkers, (49-53). The 
results obtained show that the formation and stability 
of direct microemulsions are complex phenomena on which 
certain. compositional parameters such as the 
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water/surfactant ratio and the nature of . the 
hydrocarbon have a very pronounced influence. Podzimek 
and Friberg, (51) , , found that certain direct 
microemulsions are not thermodynamically stable, which 
is in line with observations reported by other authors, 
(54-57) . Phase diagrams published by Friberg and 
coworkers, (51-52), show that the three-dimensional 
domain corresponding to the existence of direct 
microemulsions may have a convoluted configuration, 
which explains the diversity of configuration presented 
by the direct microemulsion regions in pseudo- ternary 
diagrams • defining cross-sections of the three- 
dimensional microemulsion. domain, as a function of a 
given parameter. This is in. line with observations 
regarding the configuration of the microemulsion 
domains of certain systems containing nonionic 
surfactants (39-42) . It may incidentally be recalled in 
this respect that Shinoda et al . , (58), showed that 
there are similarities between phase diagrams of 
systems ' containing nonionic surfactants and phase 
diagrams of systems containing combinations of an ionic 
surfactant and of a cosurf actant . An important 
experimental fact that emerges from the results of 
Friberg and coworkers, (51-53), is that the direct 
microemulsion domain may extend as far as regions of 
the phase diagram corresponding to compositions in 
which the hydrocarbon is markedly the predominant 
constituent. The possibility, thus demonstrated by 
phase diagram studies, of forming "direct" media with a 
very high hydrocarbon content is encouragement for 
undertaking researches concerning their exact nature 
and the conditions required for their formation and 
their stability, the. results of this research 
potentially . being of great interest, both 
scientifically . and technically. Determinations of 
microemulsion domains of water/ionic 

surf act ant /alcohol/hydrocarbon quaternary systems were 
performed by Bellocq et al . , (24, 59-64), who used 
them as a support for structural studies using varied 
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techniques ( vi s comet ry, e 1 ect reconduct ime try, nuclear 
magnetic resonance and relaxation, electron 
micrography, light scattering and vapour tension 
measurements) The extensive experimental data thus 
acquired show that non-saturated microemulsions Slave 
large structural diversity and that structiiral 
transitions take place gradually when the composition 
of the medium varies. It appears that, in certain 
regions of the microemulsion domain, the structure of 
the medium may be unambiguously identified (populations 
of microdroplets of water or of hydrocarbon, or 
premicellar aggregates). On the other hand, it appears 
that, in other regions such as the "central" . portion of 
the microemulsion domain, the structure of the me<5ium 
is poorly defined, the experimental data tending" to 
indicate that the water/hydrocarbon interfaces are 
poorly structured. Similar findings have been repoirted 
by other authors (65-70) . Bellocq et al . , (71-74) also 
determined the organization of the phase diagrams of 
systems giving rise to varied multiphase media 
containing phases of the microemulsion type. Studies of 
the behaviour of these multi-phase media and of the 
properties . of their phases of the microemulsion ttype 
were undertaken, which show the existence of criticity 
phenomena . 

The studies recalled above as examples demonstrate the 
value and fertility of studies of phase diagrams of 
systems containing amphiphilic compounds, especiailly 
when they are combined with studies aimed , at 
determining, by means of varied techniques, the 
structure and physical chemical properties of vari-ous 
types of media obtained, whether they are mesophasesi or 
phases of the microemulsion type. General information 
regarding the structure of non- saturated one-phiase 
microemulsions or of microemulsions belonging* to 
multiphase media maybe obtained relatively simply by 
correlating results of studies of phase diagrams"^ and 
results, of studies of transport properties (viscosi-ty, 
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electrical conductivity, diffusion coefficients, etc.). 
This method was used by Bennett el al . , (75) to study, 
in the case of systems containing ionic surfactants and 
alcohols, microemulsions consisting of surf actant -rich 
phases of two-phase and three-phase systems of the 
Winsor type, (22). The results thus obtained, . in 
particular those concerning the viscosity and the 
electrical conductivity, led these authors to conclude 
that, in the course of the Winsorl -> Winsorlll 
Winsorll transition induced by increasing the salinity 
of the aqueous phase; the microstructure of the 
surfactant-rich phase changes gradually. For the lowest 
and the highest salinities, the surf actant -rich phase 
is considered to be a ScMulman microemulsion (2), i.e. 
a population of microdroplets of the 

hydrocarbon- in-.water type (low salinities) or a 
population of microdroplets of the water- in-hydrocarbon 
type (high salinities). For intermediate salinities, 
especially those inducing the formation of a 
three-phase medium of the Winsor type, the 
surf act ant -rich phase is thought to be a dynamic mosaic 
of aqueous and organic microdomains separated by very 
flexible interfacial films, which is the situation that 
was modelled by Scriven and other authors, (76-80) , 
under the name "bicont inuous structure" . This is also 
the method that was applied by different groups of 
authors to the study of non-saturated .one-phase- 
microemulsions of systems containing ionic surfactants 
and alcohols. As examples of studies of autodif fusion 
phenomena coupled with pliase diagram studies, mention 
may be made of the work, already mentioned, of Lindman 
et al . , (68-70) and that of Larche et al , , (81) , who 
also studied the phenomenon of electrical conduction in 
non-saturated microemulsions. Without having explicitly 
determined the phase diagrams. Shah and coworkers, 
(82-88) , studied, as a function of the composition, the 
viscosity, the electrical conductivity and the 
permittivity of non-saturated one-phase microemulsions, 
with a view to obtaining information concerning their 
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structure. Complementary to permittivity and electrical 
conductivity studies on non- saturated one-phasie 
microemulsions , Clausse et al . , (89-101) proceeded to 
the determination of the microemulsion domains oE 
numerous water/ionic surf actant/alcohol/hydrocarboini 
quaternary systems. This enabled these authors to 
establish correlations between the configuration of the 
microemulsion domain and the electroconductive 
behaviour of . the microemulsions and to delimit, withira 
the microemulsion domain, regions possibly 

corresponding to various types of structures . The 
results published by Clausse et al . , (89-101) relating 
to water/ionic surf actant/paraf f inic 

alcohol /hydrocarbon systems, incorporating various 
surfactants, alcohols and hydrocarbons but: 

characterized by a given value, of the order of 1/2, of 
the surf actant/alcohol mass ratio, were able to be 
generalized by means of a detailed analysis of the 
configuration of the microemulsion domain in the 
tetrahedron of the phases of four water/sodium dodecyl 
sulphate/alcohol/n-dodecane model systems, 

incorporating one or other of the following four- 
alcohols : 1-butanol, 1-pentanol, 1-hexanol, andl. 
1-heptanol, (102) . In complement, viscometry andL 
electroconductimetry experiments were performed, aimed 
at allowing an identification of the structure of 
microemulsions in different regions of their domains of 
existance. This study, the detailed results of whicti 
will be published in future articles, (103-106), made 
it possible . to demonstrate that the general 
configuration of the three-dimensional microemulsion. 
domain of a water/ surf actant /alcohol/hydrocarbon 
quarternary system is essentially conditioned by that 
of the mutual solubilization domain of water, of the 
surfactant and of . the alcohol. It appears in particulair 
that, in the case of systems incorporating a long 
alcohol (1-hexanol or 1-heptanol, for the systems under 
consideration) , the direct microemulsion ^ inverse 
microemulsion transition (''phase inversion") always 
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takes place via either multi-phase media containing 
isotropic phases (media of thie "Winsor'' type (22)) or 
mesomorphic media or media comprising a mesomorphic 
phase, whereas, in the case a± systems incorporating a 
short alcohol (1-butanol or 1-pentanol for the systems 
under consideration) , the pfeiase inversion may take 
place diffusively, without cauasing any discontinuities 
in the macroscopic properties of the medium, since 
there are experimental pathways lying entirely in the 
microemulsion domain and connecting the water-rich 
regions of the compositions to the hydrocarbon- rich 
regions of the compositions. The existence of two 
categories of systems is very clearly confirmed by the 
results of the study of the rheological and 
elect reconduct ive behaviour the microemulsions ,.. on 

which, all factors being otherT(*ise equal, the length of 
the alcohol molecule has a considerable influence. In 
the case of systems incorporating a short alcohol, the 
electrical conduction in the: anicroemuls ions appears to 
result from a percolation phenomenon, (107) , the 
electrical conductivity, increasing, first very quickly, 
according to a scalar law, amd then slowly, with the 
water content. This phenomenon does not exist in the 
case of systems incorporatimg a long alcohol, the 
electrical conductivity over the region of existence of 
the inverse microemulsions maaintaining low values (of 
the order of 5 x 10'^ Sm"^) and varying non-monotonously 
with the water content. An analysis of this 
electroconductive behaviour, which may be explained 
from a model proposed by Eick^e and Denss, (108) , leads 
to the suggestion that the inverse microemulsion domain 
of systems containing long al^cohols comprises a region 
of existence of premicellaic aggregates (low water 
contents) and a region of existence of true inverse 
emulsions, i.e. of microdropl.ets comprising an aqueous 
core delimited by a film off surfactant and alcohol 
molecules, and dispersed im an essentially organic 
phase. In parallel, the experiment shows that the 
rheological behaviour of microemulsions comprising a 
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short alcohol is very different from that of ^rnicro- 
emulsions comprising a long alcohol. This comb.iziation 
of results, relating to water/sodium dodecyl 
sulphate/ 1-butanol , 1-pentanol , 1-hexanol , 

1-heptanol/n-dodecane systems, is coherent with 
experimental and theoretical data concerning the 
structure of microemulsions and the interactions 
existing therein, (12-21) . 
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Les melanges eau (bu solutian salme 
aqueuse) /composes amphrphiles/hy- 
drocarbure(s) donnent n.aissance a 
des milieux tres varies par le nombre 
et ta nature des diverses phases 
macroscopiques ddnt lis sont con- 
stitues, lorsque I'equilibre thermo- 
dynamique est atteint. Les situations 
les plus interessantes sont celles pour 
lesquelles le milieu comporte au 
moins soit une mesophase, (1), c'est- 
a-dire une phase presentant une or- 
ganisation a grande portee, soit une 
microemulsion, (2), c'est-a-dire une 
phase fluide non-ordonnee, riche en 
composes amphiphiles et pouvant in- 
corporer de grandes quantites d'eau 
et/ou d'hydrocarbure. L'etude, en 
fonction de la composition et des 
contraintes thermodynamiques, de fla 
formation de milieux comportant des 
mesophases ou/et des microemulsions 
et de la configuration du domaine de 
stabilite de ces phases particulieres, 
(dans le cas de milieux mono- 
phasiques), ou d'equilibre de ces 
phases particulieres entre elles ou 
avec des phases d'exces aqueuses 
ou/et organiques/ (dans ie cas de 
milieux polyphasiques), constitue un 
sujet d'un grand interet, tant du point 
de vue strictement scientifique que- du 
point de vue technique. 

Un examen de I'abondante litteratuire 
consacree aux mesophases et micro- 
emulsions montre que Tetude de ces 
mileux peut etre effectuee en recou^- 
rant a des methodes tres variees, dont 
certaines reposent sur des techniques 
sophistiquees. Une methode classique 



d'etude des systemes ii composes am- 
. phiphiles consiste a determrner et a- 
analyser rorganisation interne de leurs 
diagrammes des phases. Pour un 
systeme donne- cette methode permet 
de delimiter les regions d'existence 
des differents types de milieu pos- 
sibles et de mettre en evidence Tin- 
ftuence de diverses variables, (titres 
des divers constituants, temperature, ^ 
eventuellement pression,. . . ), sur le 
comportement du systdme. Grace a 
des analyses comparatives des dia- 
grammes de phases de systemes ana- 
logues, il est possible de mettre en 
evidence rinfluence de divers para- 
metres de composition sur la forma- 
tion et la stabilite ou I'equilibre de 
milieux comportant des mesophases 
et/ou des phases du type microemul- 
sion. De telles etudes sont d'une uti- 
lite immediate en ce qui concerne les 
applications technologiques et in- 
dustrielles des systemes a composes 
amphiphiles, D'une fagon generate, 
elles conduisent a etablir une typo- 
Ipgie du mode d'action des differentes 
classes de composes amphiphiles, em- 
ployes seuls ou combines entre eux, 
et done de leur propension a induire 
la formation soit de mesophase, soit 
de phases non-ordonnees du genre 
microemulsion. Sur cas d'espece, elles 
permettent d'obtenir une connaissance 
precise des conditions d'obtention de 
tel ou tel type de mileu, information 
qui, en raison des differences notables 
de proprietes' physiques, (viscosite, 
par exemple), que presentent meso- 
phases et microemulsions, est d'une 
grande importance pour la conception 
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. TiJtilisation: de f lurde^ 
cc^nstituants multrplesv domJ CBrtains ; 
sont ;du geoTje co(T^ : ^ 

Pour des rajsons sensibiement^ i^^^^ - 

tiques. retude des diagr^^ - 
phases e;st egalern^ht d'un 
utiHte dans le domaine deS reeherches 
fondaiTientales'^cpnsacrees au^^ 
systemes h composes .amphiphiie^ 
la CQnnais5^nce qu'ellei donne de .ror- 
ganisatipn interne des diagrafTrjnnies des 
phases/cette iri^thode permet'de d.e- 
gager. des modeles gen^raux de co 
portement notamnnent en ce qui con- 
cerne les modes de transition entre 
milieux d'especes differentes, et de 
mettre en evidence, le cas echeant, 
des situations particulieres pogvant 
reveler f'existence de milieux a struc- 
ture «excentrique». Toutefois, la me- 
thode des diagrammes de phases, 
utilisee seule, ne peut fournir que des 
indications d'ordre general qui sent 
insulffisantes pour acceder a une con- 
naissance precise des differents types 
de milieux. Elle ne peut done etre une 
methode feconde que si elle est as- 
sociee a des techniques permettant 
d'obtenir une description detaillee de 
la structure des milieux et des inter- 
actions qui existent en leur sein. La 
structure des mesophases peut etre 
determinee grace a des experiences de 
diffraction des rayons X, (3—5), pre- 
cedees ou completees, en tant que 
de besoin, par robseryation des textu- 
res optiques, au microscope polarisant 
ou au microscope electronique, et par 
des mesures de certaines proprietes 
physiques, telles que masse volumique, 
viscosite et conductivite electrique, 
(6—8). Des details de Tprganisation de 
ces milieux peuvent etre obtenus en 
recourant a des techniques telles que 
la resonance magnetique nucleaire, la 
resonance paramagnetique electro- 
nique et la diffusion des neutrons aux 
petits angles, (7, 9— 11). En ce qui 



,r :^p:OS^rne.^{^s..plf^ > 
;da g^e-;nai<^^ 

i; dfes^m6es leur structure; 

: sor)t tres nprnb^ ■ 
par la nature 'desisystemes que par les 
p biectif s pou rsu ivis et I es tec h niq u es 
utilis§es: On; peut iltustrer cela par;/ 
rexemple des systemes quaternaires 
eau/surf acta nt ionique/alcool/hydro: 
carbure. . Dans Je cas de systemes de . 
ce type, divers groupes d'auteurs ont 
propose, pour les rT)icroemulsion$ 
monophasiques pauvres en eau rnais , 
saturees en hydrocarbure,, des modeles 
de structure et d'interactions internes, 
(12-14), modeles fondes sur des re- 
sultats acquis, par des experiences 
d'ultracentrifugation, de diffusion des 
neutrons aux petits angles, d'electro- 
conductimetrie, de viscosimetrie et de 
diffusion de la lumiere, (12, 15—21). 
Ces modeles constituent une base 
solide pour le developpement de re- 
eherches. visant a identifier la structure 
des microemulsions monophasiques 
non-saturees, sur tout leur domaine 
d'existence, et ainsi que celle des 
microemulsions constitutes par les 
phases riches en composes amphi- 
philes des milieux diphasiques et tri- 
phasiques dits «de Winsor», (22). Le 
precede de diliution utilise dans le cas 
de microemulsions saturees, precede 
repute n'avoir pas d'incidence sur leur 
structure et les interactions existant en 
leur sein, (23), ne pouvant etre ap- 
plique aux microemulsion mono- 
phasiques saturees et aux microemul- 
sions des systemes de Winsor, I'etude 
de la structure de ces milieux denses 
ne peut en effet etre effectuee de fa 
meme fa^on que celle de la structure 
des microemulsions saturees. Les 
etudes consacrees aux microemulsions 
monophasiques non-saturees con- 
sistent generalement a suivre revolu- 
tion d'un certain nombre de caracte- 
ristiques physico-chimiques du milieu 
en fonction de divers parametres de 
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directe> .aw diagramrne des.phasescrffes/? 
sysl:emes coasideres;;^ 
f ormuler ;de^xonel:uskjns su^^l^^ 
ture/cju milieii daiis d:fffetentes 
du domain^; dp: microemLilsi^^ 
peut'. ainsi verif ier si les modeles struc- 
tureaux:elabares. dans le; cas des:; : ? - - 
microemulsions saturees peuvent etre 
transposes au cas dea rnicroemulsiaiis 
mbnophasiques non-saturees ou s'fB ^^ 
convient de developper :de nouveaux 
rnodeles permettant de rendre compter 
des diverses donnees experimentaies: 
C'est selon des demarches artaiogues 
que sont effectuees les etades.de : 
structure, relatives aux phases riches 
en composes amphiphiles de milieu3c- 
polyphasiques du type : Winsor, (25>. . . 
Cela est egalement vrai dans Je cas 
d'autres categories de systemes, tels 
que les systemes a amphiphiles non- 
ioniques ou les systemes a un seul . 
amphiphile ionique du. genre de - ~ 
('Aerosol OT, avec lesquels on obtleait 
aussi des microemulsions mono- 
phasiques et des milieux du type 
Winsor. 

La litterature abonde d'exemples.de- 
montrant I'utilite que la methode des 
diagrammes de phases presente pouar 
I'etude experimentale des microemuB- 
sions. Certains d'entre eux sont bri- 
evement rapportes ci-dessous, a titre 
d'illustrations. Shinoda et collabora- 
teurs, (26—33), ont effectue de nonni- 
breux travaux concerhant les dia- 
grammes de phases de systemes a 
surfactants non-ioniques. Cela.leura 
permis de montrer Tinfluence, sur le 
comportement des systemes de cett^ 
categorie, de la nature du surfactant, 
de celle de I'hydrocarbure et de celle 
d'additifs du genre electrolyte, et de 
mettre en evidence de fa^on tres neete 
I'influence decisive de la temperature 



^■;-5iiry;l:!ajCti^iie^ 

breusesidoHRees ainsfc acqu^i^ \y 
permis^ aux:afjteiirs::de;defm 
ditloRS necessakes a t'obtentio 
mierpemuteibnS: mor^dp^ 
parafst da isjrandesjflua^ ^quv ^ 

[ d'hydTOcarbure: Eh appliquant la^^^^^^'^^^^^ ' 
meme methode d'etude, Kunieda et 
ShirKDda, i(34— 3i5)V ont montre que le ^ 
comportement de systemes incorpo- 
rant i'Aerosol OT comrae unique amr 
phiphile est globalement analogue a 
eel u i de systemes a surfactants non-^ 
ioniques. Au cours de leurs travaux, 
Shinoda et ses collaborateurs ont ac- 
corde une attention toute particuliere 
a Teffet de la temperature sur le com- " 
portemerit des systemes a surfactants 
non-ioniques, Cela les a conduits, en 
regie generale, a considerer comme un 
parametre la concentration du surfac- 
tant dans les systemes et done a 
determiner I'organisation des dia- 
gram rties des phases des systemes 
etudies en fonction de deux variables, 
la temperature et la teneur relative en 
eau, (ou en hydrocarbure) . Pour des 
raisons liees aux pbjectifs generaux de 
I eurs travaux, Shinoda et ses collabo- 
rateurs ont essentiellement etudie des 
systemes caracterises par des valeurs 
de la concentration en surfactant de 
Tordre de ou inferieures a 10 %, ce 
qui, d'un certaine fa^on/limite la 
portee generale des resultats obtenus 
par ces chercheurs. D'autres auteurs 
ont adopte une approche complemen- 
taire en. traitant la tennperature comme 
un parametre/ ce qui les a conduits a 
determiner, a temperature donnee, des 
diagrammes de phases en fonction 
des concentrations des trois consti- 
tuants de base des systemes, eau, hy- 
drocarbure et surfactant non-ionique, 
A titre d'exemples, ou peut citer les 
travaux de Lo etal., (36), Hermann et 
al., (37^-38), Mathis et al., (39), . 
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gran^rri^;jernaijrQ; eau/sur^ 

d rocarb u/e; v)a{ jcon^ i gu mtiori :dy 0-^^ 

fonctioh de Qertain^i parametral 
que la nature deii'hiydrpcarb 
temp^ratuxe. Las r§sultats:obtef>us par 
Mathis ;et al ; (39),^ 

et Friberg et :aK; (41-^ mQntrent j 
que^ dans fa diagranri 
5 io nnel concen tratio n - temperat u re : des : 
systemes studies, le dornaine d'ex^ 
tence de rTLiliegx du genre microemuir 
sion est d'un seul tenant/ ce qui per- 
m€:t de comprendre pqurqupi, suivant 
ta valeur de la ternp^rature, le do- 
maine de rnicroemulsipn determine 
dans le diagrarnrne ternalre. eau/sur- 
factant/hydrocarbure peut etre con- 
stitue soit d'une seule region, soit de ^ 
deux ou trois regions disjointes. Nils- 
son et Lindman, (43), ont mis^ profit 
cette constatation d'prdre experimenT 
tal pour tenter, par des experiences de 
resonance nrtagnetique nucleaire/de 
determiner la structure du milieu dans 
les differentes regions de microemul- 
sion de trois systemes eau lourde/sur- 
factant/hydrocarbure analogues a 
ceux etudies par Friberg et al., 
(41^42). Les resultats ainsi obtenus 
en ce qui concerne les variations, en 
fonction de la composition, des coef- 
ficients d'auto-diff usion de Teau 
lourde, de I'hydrocarbure et du surfac- 
tant tendent a montrer que,'sur la plus 
grande partie du domaine de micro- 
emulsion, il n'exjste pas d'interfaces 
eau/hydrocarbure nettement structures 
et que la formation de microemulsipns 
au sens de Schulman/ (2), c est-a-dire 
de dispersions de micro-goutelettes 
d'eau en milieu organique ou de 
micro-gouttelettes d'hydrocarbure en 
milieu aqueux, ne se produit que dans 
des regions correspondant a des com- 



; pkD^tionsibdsl'rietjes;!^^^^ 
:■' ;6u;tri§s'-rich);es-ertt'^ 

<:.erne les^ systemesi^ncQrpotant;d^ 

surfactants uipfiiques^ it cpfw 

rappelerren prernier:iieu les trayattSicHde > 

Ekvvall et;|alO .^(1i^^; qui?^^^^ 

reference, ca^ : 

assez cbrrypiet des d iff erents'^yp ; : b 

d'or^anrsation intecrie des diagranmmes 

des phases ;de systemes comportaiit r 
un corps organ iqae,~ unt surfactants^ ; r 

ionique et I'eau.rLes diagrammes = 
publies par ces auteurs montrent ^ 
notamment que le domaine d'exis-^^ ^^ 
tence de milieux du genre microeiiaul- 
sion peut; avoir une configuration tte^es 
variee, qui est fonctipn de la nature du 
corps organique et de ceJIe du surfac- 
tant ionique. Differents grotipes - ; 
d'auteurs ont consacre une partie cSe 
leurs travaux a la determination des 
domaines de micrQemulsion de sys- 
temes quaternaires classiques eau/sur- 
factant ionique/alcool/hydrocarbure,= 
consideree comme le point: de de|>art 
d'etudes de la structure de ce type de . 
microemulsions, Afin de mettre en 
evidence les relations isxistant entre 
microemulsions quaternaires et solu- 
tions monophasiques ternalres eau/ 
surfactant ionique/alcool, Friberg ett 
collaborateurs, (44—47), ont etudie de 
facon assez complete le systeme eau/ 
oleate de potassium/hexanol-1/ber^- 
zene, en associant diverses techniques 
a la methode des diagrammes des 
phases. Us ont pu ainsi montrer, d'une 
part, que le domaine d'existence de 
microemulsions du genre eau-dans*. 
hydrocarbure du systeme considere,; 
(microemulsions « inverses »), c6n^titue 
le developpement en trois dimensions . 
du domaine d'existence de solutions 
monophasiques eau-dans-alcool, (so- 
lutions micellaires «inverses» L2), 
d'autre part, que microemulsions in^. 
verses et solutions micellaires inverses 
presentent des analogies de compor^ 
tement en ce qui concerne I'evolution 



A. 

r. 



I 

i 
k 

m 



212 



1 



m 

IB 

$ 
m 



. mipellairesitiinvers^ • 
:' :. sqnt;ipPurf<Ses ten^ursien^ea^ 

de^ suspensions ven^ miHeu orgariique^. = ■ 
d 'agregatS; prer micel}ai;es;.:f prmesi.de 

m o lecy les d e ^ surf acta nt , t^et n e ..cori - 
t ien n en t :d verita b les microg oqteJettes 
d'eau/ possedant un.Goeur aqueux^: - : 
entoure d'un\film:interfaeiat d,e : 
Gules dp^sujrfactant et d'alcool, qug 
pour des teneurs en-:eau caracterise^^^ 
par :Un rapport molaire eau /.surf actaiiit : 
superieur a TQ. environ/. De ces resul-i^; 
tatS/ Friberg et al. ont tiref. la conclu- 
sior> qu'il. y a continuite de structure 
entre solutions TOicellaires; inverses et . ; 
microemulsiqns inverses. D 'autres ; • 
auteurs ont egalement about! a: cette 
conclusion; (48). Les relations exis- 
tant entre microemulsions quaternaires 
du genre hydrocarbure-dans-eau; 
(microemulsions «directes»), et solu- - 
tions monophasiques alcooUdans-eau, 
(solutions micellaires <cdirectes» L^), 
ont ete egalement etudiees par Friberg 
et collaborateurs, (49—53). Les resul- 
tats obtenus montrent que la forma- 
tion et la stabilite des microemulsions 
directes sont des phenomenes com- 
plexes sur lesquels certains parametres 
de composition tels que le rapport 
eau/surfactant et la nature de I'hydro- 
carbure ont une influence tres mar- 
quee, Podzimek et Friberg, (51) ont 
trouve que certaines microemulsions 
directes ne sont pas thermodyna- 
miquement stables, ce qui est a rap- 
procfier drobservations rapportees par 
d'autres auteurs, (54— 57). Des dia- 
grammes des phases publies par Fri- 
berg et collaborateurs, (51 -52)/ mon- 
trent que le domaine en trois dimen- 
sions correspondant a rexistenee de 
microemulsions directes peut avoir 
une configuration tourmentee, ce qui 
explique la diversite de configuration . . 



;'\;;pi^essen56:e^p^^^ 

grarnm^r^pseudQ«t^ 
de¥S[T<:oijtpes;xiu^ 

siojriryel/da ■ rriicrppmulsjon^ erij.f orjciiqrv 
d^ft0l\ou^;tei;:pargme^ 
prpcher . d^<> bsefv m ;co n cernant ; 
c pinfi g y r at ipnV; d ^^^^^^ 

eni«j|:sjQn:de cprt^fijs ;sy a isur- 

fact^nts nor)^]pr4qiJe^: 1(^3-^-4 
peut d'ai jleurs ra^ 

que Shinoda et aL>:v( mpntrp 
qu^ii: e^Lste^xie^^ sini dia- 
gramrtie^ des p^hases^ d 

surfactants nqn-ipfiiqy 6^^^^^^ 
granii?aes des phases:de syst^ 
coriibinaisons- d'un surfactant io 
et d'un cQsurfactani: Uri fait experi- 
mental irnportant qui, ressort des resulr 
tats de Friberg et CQllaborateurs, 
(51--53), est que le domaine de 
microemulsions directes peut 
s'etendre jusqu'a des regions du dia- 
gramme des phases correspondant a 
des composrtions dpnt Thydrocarbure 
est le gonstituant nettement majori- 
taire. La possibilite, ainsi demontree 
par des etudes de diagrammes des 
phases, de former des milieux 
<idirects» a tres forte ten eur en hydrp- 
carbure incite a entreprendre des re- 
cherches cpncernarit leur nature 
exacte et les conditions necessaires ^ 
leur formation et a leur stabilite, re- 
cherches dont les resuJtats pourraient 
etre d'un grand interiet, tant scien- 
tifique que technique, Des determina- 
tions de domaines de microernulsion 
de systemes quaternaires eau/surfac- 
tant ionique/alcool/hydrocarbure ont 
ete effectuees par Bell Qcq et al., 
(24, 59— 64), qui.s'en sont s^rvi 
cormne support d -etudes da structure 
utilisant des techniques variees, (vis- 
cosimetrie, electroconductimetrie, re- 
sonance et relaxation magnetique 
nucleaire, micrographie electronique, 
diffusion de la lumiere, mesures de 
tension de vapeur). Les nombreuses 
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site de stttJCtu res >t que ■ les tra nsitioris 

structurales :se -p^ ' 
prbgressix/e loFsqiie ia c^^^ 
miHeu'^vaf ie vll^:apparatt qti • 
ta i hes r i q ns d u d oma i ne d e m ic f o - 
emulsion; la structure du milieu peut 
etre identifiee sans ambiguite, (popu- 
lations de micrdgoUttelettes d'eau ou 
d'hydrocarbure, agregats pre^mlcei- 
laires) . Par contre; il semble qije, dans 
d'autres regions telles que la partie 
«centrale» du domaine de microemul- 
sion, la structure du milieu soit mal 
definie, les donnees experimentales 
tendant a indiquer qiie les interfaces ^ 
eau/hydrocarbure sont peu structures. 
Des constatations analogues ont ete 
rapportees par d'autres auteurs, 
(65-70). Bellocq et al., (71-74), ont 
egalement determine I'organisation 

des diagramrries des phases de sys- 
temes donnant naissance a des mi- 
lieux polyphasiques varies possedant 
des phases d a genre microemulsion. 
Des etudes du coniportement de ces 
mitlieux polyphasiques et des pro- 
prietes de leurs phases du genre 
microemulsion ont ete entreprises, qui 
ont montre {'existence de phenomenes 
de criticite. 

Les travaux rappeles ci-dessus a titre 
d'exemples demontrent Tutilite et la 
fecondit^ des etudes de diagramnnes 
des phases de systemes a composes 
amphiphiles, surtout lorsqu'elles sont 
associees ^ des'etudes visa nt a deter- 
miner, grace a des techniques variees, 
la structure et les proprietes physico- 
chimiques de differents types de mi- 
lieux obtenus, qu'il s'agisse de meso- 
phases ou de phases du genre micro- 
emulsion. Des informations d'ordre 
general sur la structure des micro- 
emulsions monophasiques non- 
saturees ou de microemulsions appar- 



;tenan*^^;^es::rmlieoxvpptypNsjqii^^^ 
' peuvent>etre?ro;btenyes'^st^^ 
ment:en . corr6l3-nt;ir§siii ltats:d'auide^^ 
de diagramrnes- desiphasesi"et; resuftatsK • • 
d'etu des.de proprietes de transppft/;- ■ ; - 
(viscositev conductivite .§lectrique/;pGr^^^ 

efficients de diffusion;: : . Cette me^ ; • (^^^ 
thode a ete utilisee par Bennett et ai, 
(75), pour etudier, dans te cas .de ; V 
systemes a surfactants ioniques et - 
alcools, les microemulsions consti- 
tuees par les phases riches en surf acr- 
tant de systemes diphaslquies et tri- 
phasiques du type Winsor, (22). Les 
resultats ainsi obtenus, en particulier 
ceux concernant la viscosite et la con-: 
ductivite electrique, on conduit ces 
auteurs a conclure que, au cours de la 
transition Winsor I— »-Winsor Ill-^Win- 
sor II induite par raugmentation de 
la salinite de. la phase aqueuse, la . 
microstructure de la phase riche en 
surfactant evolue de fagon progres- 
sive. Pour les plus faibles et les plus 
fortes salinites, la phase riche en sur- 
factant serait une microemulsion au 
sens de Schulman, (2), c'estra-dire 
une population de micro-gouttelettes 
du type hydrocarbure-dans-eau, 
(faibles salinites), ou une population 
de micro-gouttelettes du type eau- 
dans-hydrocarbure, (fortes salinites). 
Pour les salinites intermediaires, 
notamment celles qui induisent la for- 
mation d'un milieu triphasique du type 
Winsor, la phase riche en surfactant 
serait une mosaTque dynamique de 
micro-domaines aqueux et organiques 
separes par des films interfaciaux tres 
flexibles, situation, qui a.ete iT\odelisee. , 
par Scriven et d'autres auteurs, 
(76-80). sous le nom de «structure 
bicontinue». C!est aussi cetle 
methode qui a ete appliquee par diffe- 
rents groupes d'auteurs a I'etude de 
microemulsions monophasiques non- 
saturees de systemes a surfactants 
ioniques et alcools. Comma exemples 
d'etudes de phenomenes d'autodif- 
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. ' g r!a n^)mesi:des ; p. bases,; , ;petu cit^^^ 

et. al:; et ceu:}ci,de: Lar.Gh^^^ 

al.viSl)/ opt egaJernent^etyd^^^ 
phenomdWe de eondyc^^^^^ 
da ns: les rn.icr aefn.u Is i o In p n - sa turees. 
Sans ayok/determine de;;f^^ 
plicite des djagramrnes des^pha^ 
. Shah cdlaborat^urs,^^ pnt. 
etudie, en fonction de la cp 
la viscQsite, la conductivite electrique 
et la perraittiyite de mi^^^^ 
monophasiques non-satur4es, en yue • 
d'obtenir des renseignenrient3 con- 
cernant leur structure. En complement 
a des etudes de la permittivite et de la 
. conductivite electrique de microemul- 
sions monophasiques npn-saturees, 
Clausse et a\., (89—101 ), ont procede 
a la determination des domaines de 
microemulsion de nombreux systemes 
quaternaires eau /surfactant ionique/ 
alcool/hydrocarbure, Cela a perm is a 
ces auteurs d'etablir des correlations 
entre configuration du domaine de 
microemulsion et comportement elec- 
troconductif des microemulsions, et 
de delimiter, a I'tnterieur du domaine 
de microemulsion, des regions pou- 
vant correspondre a differents types 
de structures. Les resultats publies par 
Clausse et al., (89-1 01), relatifs a des 
system es ea u /su rf act a n t i o n i q u e/a I - 
cool paraffinique/hydrocarbure, incor- 
porant divers surfactants, alcools et 
hydrocarbures mais caracterises par 
une valeur donnee, de Tordre de 1 /2, 
du rapport massique surfactant/alcool, 
ont pu etre generalises grace a une 
analyse detaillee de la configuration 
du domaine de microemulsion dans le 
tetraedre des phases de quatre sys- 
temes modeles eau/dodecylsulfate de 
sodium/alcool/n-dodecane, incor- 
porant Tun ou Tautre des quatres al- 
cools suivants: butanol-1, pentanol-1, 
hexanoM et heptanql-1 , (102). En 
complement, des experiences de vis- 



^ ^- -^^^rT)ettre-';u:n!i^iiii^ 

: tuf e; des ;microerh^u 

V . :^eremeS;r^gior)S:de: leursdiomaines : 
^d'existenc^,^X^ette ;etyd:e;;dpnt les 
: sultats.de^^^ 
prochairis; artittes/ ( a :per- - 

mis dei TOontrer que la configuratiori^ 
gMerale du domaine tri-dimensionnel . 
de mipro^mufeion d^un syst^me qua- • 
■ terna jr^ eau/surfactant/alcpol/hydro- - 

carbure HBst conditionnee de fa^pn; 
: . esseritieile par celle du domaine de 
solubilisation. mutuetle de l'eau, du - . 
surfactant et deiracool. II apparait en: 
particulier que/dans le cas detsys- 
temes incorporant un alcool long, 
(hexanol-1 ou-heptanol-l, pour les; 
systemes consideres), la transition 
microemulsions.directes ^ microemul- 
sions inverses, («in version des pha- 
ses »), se prodtiit toujours par Tinter- 
mediaire, soit de milieux polyphasiques 
a phases isotropes, (milieux du type 
«Winsor)> (22)), soit de milieux meso- 
morphes ou comportant une phase 
mesomorphe, alors que, dans le cas 
de systemes incorporant un alcool 
court, (butanol-1 ou pentanol-1, pour 
les systemes consideres), Tinversion 
des phases pent se prod u ire de facon 
diffuse, sans provoquer des disconti- 
nuites des proprietes macroscopiques 
du milieu, puisqu'il existe des chemins 
experimentaux situes entierement dans 
le domaine de microemulsion et 
reliant les regions des compositions 
riches en eau aux regions des composi- 
tions riches en hydrocarbure. L'exis- 

■'■ tence de deiCix categories de systemes - 
est confirmee de fagpn tres nette par 
les resultats de I'etude des comporte- 
ments rheologique et electroconductif 
des microemulsions, sur lesquels, 
toutes choses egales par ailleurs, la 

; longueur de la molecule d'alcool a 
une influence considerable. Dans le 
cas de systemes incorporant un alcool 
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:;cpuFt;^1a<coridyeti^ 

d'u'ri phenort^ne de peircola^^ r 
(1 07)v la conductivite' 6leGtFiq tie cr ots - 
saht tout d'abord tresirapldement, ^ 
saSvant une iQi drecheMev^ R 
ment. avec la teneur en eag;;^Ce; phe- 
nomene a existe pas dans \e. cas de ■ 
systemes iocorporanli un alcooMong, 
la conductivity electrique sur la^ r^gron 
d'existence des microemulsions in- 
verses gardant des.yaleucsfaibles. (de 
I'ordre de 5 :10-^ Sm-'),. et variant : 
de fapon non-monotone avec la te- 
neur en eau. Une analyse de ce com- 
portement electroconductif, qur peut 
s'expliquer § parti r d'un modele pro- 
pose par Eicke et Denss, (108), con- 
duit ^ suggerer que ie domaine des 
microemulsions inverses des systemes 
a alcools longs comporterait une 
region d'existence d'agregats pre- 



.mi6eHaiFk;:-;(fai;fc>»es"teri^ 
■ une r^gipn^ d '#1stence de 
§mufs ions iin^verses- ^c^ estva~d i re; :de\ 
• micrG^outtelett^s comportant urt:= - " ' ' 
. cdeuf:aq6eux delimit^ par im fi.lnrV de : 
mplecules de surfactant et d'arcbol; et 
dispersees dans^une phase ^esserjtieHte 
'ment orgariique; ParallelerhentV I'ex- ' 
perience montre que Ie co)Thporternent 
rheologique des microemulsions in- 
corporant un aleool court est tres dif-- 
ferent de eel ui des microemulsions 
incorporant On aleool long: L' en- 
semble decesresuitats, relatifs atix .. 
systemes eau/dodecylsulf ate de sd- 
dium/butanol-1 , pentanol-1 , hexanol- 
1 , heptanol-17n-dodecane/ est co- 
herent avec des donnees experimen- 
tales et theoriques concernant la 
structure des microemulsions et ies 
interactions existant en leur sein, (12- 
21)-. . 
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